Recently ball milling has attracted much interest since it can be used as a non-equiiibnum processing tool. It has been realized that ball milling of crystalline intermetallic compounds (mechanical milling) or of crystalline elemental powder mixtures (mechanical alloying) can be used to synthesize various metastable structures. Examples of these structures are amorphous materials [I] , crystalline phases existing in the phase diagram at high temperatures [2], extended solid solutions [3] and solid solutions of immiscible systems [4] , nanocrystalline materials [5] and quasicrystalline materials [6] . Since the ball milled materials are far from equilibrium, their properties can be quite different from the equilibrium stable phases. The materials obtained by ball milling can even have unusual and interesting properties because of the special configuration of atomic arrangement. 'Ibis was indeed observed in e.g. Co,Ge, where the amorphous state takes a spin glass state at low temperatures whereas crystalline Co&e is a ferromagnet [7, 8] . Amorphous Co,Ge cannot be obtained by traditional melt-spinning. Recently we prepared atomically disordered crystalline GdAl, (which we call mm-G&Q) by ball mi!ling of the ordered crystalline compound. The magnetic properties of this metastable phase differ markedly from the 'originally ordered compound, In this paper, we summarize our results on both alloy systems.
For the experimental procedures the reader is referred to Refs. [7, 8] .
We show first the results for amorphous Co,Ge in disorder of the spin system adds another degree of disorder to a system which is already a disordered atomic array. The spin glass behavior of Co,Ge is observed only after the disappearance of the periodic lattice. This is not the case for GdAl, where the periodic lattice remains. This difference is most probably due to the fact that the fraction of magnetic element in Co,Ge is much higher than in GdAl,. Moreover, in Co,Ge the magnetic contribution is from 3d-Co atoms whereas in GdAl, it is from the 4f-Gd rare-earth element. Thus the underlying mechanisms can be different. It is also known that an amorphous GdO.37~0.63 film obiained by sputtering, which composition is not far from GdAl,, shows spin glass behavior with a Tf of about 16 K (a-GdAl*) [121. However, mm-GdAl, h,ls a completely different magnetic-ordering temperature (2;. = 65 !Q which meins that mm-GdAl, represents a new class of spin glass materials becauss it is neither a dilute solution nor amorphous. It is a crystalline intermediate phase, but atomically disordered and so metastable, Apparently, ball mlling is a unique technique to create this spin glass phase in GdAl,. The value of Tf of mm-GdAl, is march higher than that of a-Gti,.
This could mean that the cluster sizes in mm-GdAl, are on average larger than those in a-GdAl, (see Ref. 191 for details).
In conclusion, both amorphous Co,Ge and atomically disordered crystalline GdAI, obtained by mechanical milling in a high-energy ball mill exhibit a single transition from the paramagnetic to the spin glass state below 41 and 65 K, respectively. The spin glass transition temperature is lowered with increasing external field. These results demonstrate the use of mechanical milling as a novel technique to synthesize spin glasses and open the way to search for novel spin glass materials.
